ABSTRACT
INTRODUCTION
Chronic Kidney Disease of unknown aetiology (CKDu) is a different form of progressive, decreased kidney function (La Isla Foundation, 2014) , which has now become one of the major health crises in Sri Lanka. World Health Organization (WHO) declares that more than 15 percent of the population aged 15-70 years in the North Central and Uva provinces in Sri Lanka are affected with CKDu, while Anuradhapura district in the North Central Province is solely accountable for 22,000 deaths. However, current status proclaims that CKDu is now prevalent in the North Western, Eastern, Southern and Central provinces, and parts of the Northern provinces as well (Sunil, 2014) .
Paddy and chena cultivations are the most prominent livelihood in these povertystricken districts, whilst many of the victims are being recorded among male farmers and agricultural labourers. Farming has been found to be strongly correlated with the prevalence of CKDu (Athuraliya et al., 2011) , Athuraliya et al (2009) , reports that CKDu appeared to affect young males, from low socio-economic, paddy farming communities. However, not only males, but women and children are also suffering from CKDu. In addition, over 1,100 CKDu patients are hospitalized per month in Sri Lanka and 300 deaths recorded per year. However, the death rate may be greater than this due to many of the victims die at home (Sunil, 2014) . Although, these figures show an increasing trend in mortality and morbidity due to CKDu, the aetiology remains ambiguous.
According to the literature, some researchers have argued that high fluoride content in drinking water; presence of toxins produced by cynobacteria in surface waters, particularly in the freshwater reservoirs; presence of high 99 concentrations of Cadmium (Cd) in food and drinking water etc. might be some potential causes for CKDu (Jayasekara et al., 2013; Jayasumana et al., 2013) . Furthermore, some studies hypothesized that usage of aluminium vessels; excessive use of agrochemicals; consumption of food items such as lotus roots; smoking tobacco, which have high Cd levels; nephrotoxic ingredients in widely used ayurvedic herbal medicines (Jha, 2009) ; excessive dehydration in the work environment of farmers; genetic predisposition and multiplicity of all or most of the above causes will also be liable for the prevalence of CKDu (deAlwis, 2013) . In Sri Lanka, exposure to heavy metals has been given more attention in relation to CKDu (Chandrajith et al., 2010) . Bandara et al. (2008) attributed the occurrence of CKDu to high Cd levels in environmental media such as reservoir sediment, soils, rice, lotus rhizomes, and fresh water fish while Illeperuma et al.(2009) to the use of poor-quality aluminium utensils for cooking purposes and storing of drinking water in North Central dry zone. It is reported that in Sri Lanka, herbal medicines and indiscriminative use of analgesics as a cause for CKDu is unlikely (Jayatilake et al., 2013) .
According to Wanigasuriya (2012) , provision of safe drinking water to the CKDu affected areas would be favourable in disease prevention, since drinking water seems to be a likely cause for the occurrence of CKDu. However, WHO has recommended several control measures to provide some relief for its victims, through regulating fertilizers and agrochemicals, and providing safe drinking water to the CKDuaffected areas, better health facilities and financial support, even though the root cause of CKDu still remains a mystery.
Nevertheless, Jayasumana et al., (2013) declares that most of the paddy farmers in North Central, North Western and Eastern Sri Lanka are heavily exposed to pesticides and fertilizers, and paying minor attention to hazardous effects on human health, while agrochemicals are being freely and irrationally used. As a result, paddy farmers become the ultimate victims of CKDu.
Due to lack of resources and restrictions in health care spending, the management of CKDu has been turned out to a more difficult task in developing countries (Wanigasuriya, 2012) . Rice production, being the key cultivated crop in Sri Lanka and rice, being the staple food of inhabitants, this burden of CKDu will drastically affect not only the paddy farmers, but also the Sri Lankan economy.
Majority of studies have been carried out to determine the prevalence, nature and causes of CKDu in Sri Lanka (Athuraliya et al., 2011; Bandara et al., 2008 Bandara et al., , 2010 Wanigasuriya et al., 2011; Wijewickrama et al., 2011) . Therefore, this study attempts to identify factors that reduce the risk of CKDu. Consequently, it is worthwhile to examine whether adopting preventive measures which can be used to prevent contamination when applying agrochemicals and provision of treated water which ensures safety, could truly have an influence on the incidence of CKDu. Hence, this study was carried out with the aim of determining the impact of those precautions on CKDu.
RESEARCH METHOD

Study Area and Data
Anuradhapura district was selected because reported kidney patients are comparatively higher in Anuradhapura than other districts in Sri Lanka ( Figure 01 ). The Anuradhapura district consists of 22 Divisional Secretariat (DS) divisions which encompass 694 Grama Niladhari (GN) divisions with 2584 villages. About 16.3% of the total land is cultivated under paddy (Department of Census and Statistics, 2011) . In this district, CKDu is the leading cause of hospital mortality (Tsukamoto, 2009) . Anuradhapura General Hospital, the largest hospital in the district recorded a 227% increase in discharge of patients with the end stage of CKDu (Chandrajith et al., 2010) . Data were collected from eight Divisional Secretariat (DS) divisions in Anuradhapura district, where CKDu can be seen more frequently. They include Padaviya, Rambewa, Galenbindunuwewa, Medawachchiya, Kebithigollewa, Manupa, Kahatagasdigiliya and Horowpathana (Table 01) .175 households were randomly selected from farming communities and data were collected through face-to-face interviews, by using a well-designed pre-tested questionnaire, from March to May 2014.
The Econometric Model and Data Analysis
The nature of data on prevalence of CKDu is dichotomous. A respondent either reports that the CKDu is present or absent, that is, we observe Y i {0,1}. Probit/Logit models are commonly used to analyze such dichotomous data. Assuming that an unobserved latent distribution (Y * ) is related to the presence and absence of disease (Y i ), the observed variableis related to the latent as;
Where, Y i = 0 if the respondent did not have CKDu and Y i = 1 if he had it. A set of covariates are related to Yi and as below.
Y i = β 0 + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 + β 7 X 7 + β 8 X 8 + β 9 X 9 +e
Where, βs are coefficients to be estimated and Xs are covariates. These include the variables related to water treatments, preventive measures and other control variables that may have an impact on the probability of the occurrence of CKDu (Table 02) . Padaviya 1300
Sri pura 500
Medirigiriya 600
Hingurakgoda 600
Polonnaruwa 900
Giradurukotte 2500
Nickawewa 500
Medawachchiya 2500 Source: de Silva et al., (2013) 
RESULTS AND DISCUSSION
Description of Data
Data include responses from 175 families involved in farming. The sample consisted of farmers with an average age around 56 years, who has been engaging in farming activities for about 27 years. The average farmer is exposed to agrochemicals approximately for 3 hours (Table 03) .
Out of 175 respondents, share of females is only 8%, while males account for 92%. However, the sample consists of 78 CKDu free farmers and 97 CKDu patients. Of these CKDu patients, 97.94% are males and a mere 2.06% are females (Table 04) . Athuraliya et al. (2011) and Athuraliya et al. (2009) also reported that CKDu is most prevalent in males. Because majority of agrochemicals present a risk to the user, usually, farmers are advised to wear protective clothing when applying chemicals. Therefore, in this study, we considered wearing of protective equipment such as cap and boots, gloves, mask, and safety goggles, as preventive measures. Figure  02) . Conversely, it also shows that, out of the farmers who use preventive measures when applying agrochemicals, 65.8% have not been affected from CKDu ( Figure 03 ).
As depicted in the Figure 04 , amid the farmers who drink water without using any type of treatment method (either filtering or boiling), notable proportion (77.8%) has become victims of CKDu. Besides, of the farmers who treat water before drinking, comparatively a lower share (39.8%) is CKDu patients, while 60.2% has been able to escape from the mystery disease.
Thus, according to these results, using safeguards when applying chemicals and drinking treated water either by boiling and/ or filtering, seems to have a negative impact on the presence of CKDu, while disregarding them would augment the vulnerability of being a victim of CKDu.
Outcome of the probit/Logit models
Both a probit and a Logit model were estimated to verify the statistical significance of the evidence presented by descriptive statistics above. The two models were compared using Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC) and also ROC curves (Table 06 and Figure 05 ). There is no significant difference between the two models based on the AIC/BIC values as well as ROC curves. The areas under the ROC curves are almost similar and close to unity (0.8648 from probit and 0.8660 from the Logit). Therefore, both models fit data well. Of the regression estimates in Table 06 , age, gender, usage of preventive measures, source of drinking water, consumption of treated water and long term medications are having a significant relationship with the prevalence of CKDu. According to the marginal effects of regressors, it can be concluded that, the probability of occurrence of CKDu, increases with age as has been documented as a significant risk factor previously. For example, Wanigasuriya (2012) has found a positive relationship with age and occurrence of CKDu, while Chandrajith et al. (2010) has found that most affected age group lies between years 30-60. However, Athuraliya et al. (2009) described CKDu patients as being predominantly young males from low socio-economic farming communities. Present results also report that predominantly males are affected than females. According to Table  6 , last column, the odds of male getting CKDu is 4.486 larger than a female having CKDu. Not surprisingly, results report that, the risk of being a CKDu victim increase, if someone uses deep wells as the source of drinking water instead of piped water. The risk is 6.42 times greater for a person using deep well as a drinking water source. It is obvious because, deep well water has a higher probability to become contaminated by metals like calcium, magnesium, strontium, iron etc., and hence, it would be detrimental for the human health. In addition, using home well as an alternative to piped lines will also enhance the danger, but not significantly as deep well water does. However, no doubt remains with the relationship which deep well and home well water hold with regard to piped water, since piped water is being transferred to villagers after going through a well-filtered process. It is reported that about 87% of the population in the Anuradhapura district use either dug well or tube well water (Perera et al., 2008) . Wanigasuriya (2012) also found evidence that drinking well water in the fields increasing the risk of CKDu. Although, Bandara et al. (2008) reported high levels of Cd, iron and lead in the water in the CKDu affected areas, Chandrajith et al. (2011) reported that Cd content in drinking water in endemic areas are much lower. Therefore, the contaminant leading to the disease remains uncertain. However, it is interesting to note the significant negative association between prevalence of CKDu and consumption of treated water. The coefficients suggest that, if a farmer drinks water only after it is filtered and/or boiled, he could diminish the possibility of being a CKDu patient. Odds ratio shows that odd of getting the disease becomes less if respondents treat water, with compared to the respondents who donot treat water.But Sunil (2014) states that, only 40 percent of Sri Lankans have access to pipe-born water, while ground water remains as the only choice for 15 out of 25 of the country's rural districts. Under these circumstances, the results of our study emphasize the urgent need to provide proper drinking water to the rural areas of the country. Wanigasuriya(2012) correctly notes that "until the aetiology is established, provision of safe drinking water to the affected communities seems to be the only feasible option in disease prevention".
Moreover, parameter estimate for the usage of preventive measures implies that if a farmer applies agrochemicals while following safety measures, he is less vulnerable for CKDu with compared to a farmer who applies chemicals without using any type of safety measure. But unfortunately, there is a lack in awareness, skills, and expertise on various preventive measures and consequently, they are reluctant to utilize those safeguards, even though it leads them to a perilous state (Table 06 ). It may be because; farmers are unaware that safe application of pesticides/chemicals would prevent them from a potential terminal disease.
Both descriptive results and probit/Logit estimates comply with each other, while corroborating how prevalence of CKDu varies with various water treatment methods and preventive measures. Hence, facilitating the farming community with proper management practices also lies as an essential aspect to consider.
Further, hereditary effect does not show a significant effect on the prevalence of CKDu.
Although not significant, the dummy variable which denotes the hereditary effect indicates that, when a household member is a victim of CKDu, it arrives with an odds ratio of more than one. Wanigasuriya (2012) reported that subjects with a family member with a renal dysfunction are 4.5 times likely to have chronic renal failure. In our analysis it is 1.3 times, but is not significant. However, he noted that it is unclear to declare that this is due to hereditary effect or due to subjects being exposed to the same environmental conditions. Hence, this needs further exploration with proper medical data.
In this study, researchers have included two other variables as possible causes of CKDu as suspected by previous literature. For instance, leaching of heavy metals such as aluminium and lead, under high fluoride stress represents a new way for the entry of toxic heavy metals into the body (Illeperumaet al., 2009) . Therefore, a dummy variable was included to capture any impact of aluminium vessels used for storage of water. Data fails to show significant impact of this variable. However, an odds ratio of more than one was returned. Another similar concern held in literature is the effect of long term medication as the cause of the disease. For example, Jha (2010) has suggested a link between herbal and indigenous medicines and CKDu. To control for this fact, we included a dummy variable to represent respondents who are on long term medications. Results report that odds of a person under long term medication to have CKDu is about nine times higher than a person who is not.
CONCLUSIONS
By focusing on the Anuradhapura district in Sri Lanka, this study examined the impact of preventive measures and water treatment methods on CKDu, with the aid of a probit and Logit regressions.The negative influence on the probability of occurrence of CKDu, from using safety precautions when applying agrochemicals and drinking treated water is truly noteworthy to consider. However, availability of treated water would make more sense in preventing the possibilities of CKDu. This leads to two forms of policy implications. First is the provision of safe drinking water especially, in the endemic areas. Piped drinking water provides a solution, but may be expensive to implement given the investments necessary to supply for households scattered throughout rural areas. Therefore, local treatment at household level need to be encouraged may be in the form of subsidized availability of water treatment facilities/ equipment. Second is awareness. People in the affected areas already know the severity of the disease. However, they may not know that safe use of agrochemicals and water treatment reduces the chance of CKDu significantly. Therefore, extension agents in those areas have a decisive role to play in providing knowledge to farmers and encouraging them to use agrochemicals wisely with proper precautions. Nevertheless, the long term solution to this problem lies in identification of the aetiology and dealing with that because as previous research suggests, that humans can be infested with the causal agents not only from water, but through food as well.
